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ABSTRACT 

Burkholderia  cepacia  IISRCLRB5  was  found  to  be  antagonistic  to  the  rhizome  rot  pathogen  Pythium  aphanidermatum 
in  turmeric  both  in  vitro  and  in  vivo.  In  this  study  the  strain  was  tested  for  its  ability  to  induce  defense  related  enzymes 
viz,  peroxidase  (PO),  poly  phenol  oxidase  (PPO),  phenylalanine  ammonia  lyase  (PAL),  lipoxygenase  (LOX),  /I(l,3) 
glucanase  and  total  phenols  against  P.  aphanidermatumin  turmeric  plants.  The  application  of  rhizobacteria  two  days 
before  challenge  inoculation  with  P.  aphanidermatum  recorded  the  highest  induction  of  all  the  tested  defense  related 
enzymes  (PO,  PPO,  PAL,  LOX,  /I  (1,3)  glucanase  and  accumulation  of  phenolics  compared  with  individual  application 
of  pathogen,  rhizobacterium  and  untreated  plants.  These  results  suggest  that  the  increased  induction  of  defense 
enzymes  involved  in  phenyl  propanoid  pathway  and  accumulation  of  phenolics  and  PR-proteins  might  have  contributed 
to  restriction  of  invasion  of  Pythium  aphanidermatum  in  turmeric  plants. 
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1.  INTRODUCTION 

One  of  the  important  constraints  which  limit  the  production  of  turmeric  in  India  is  rhizome  rot  diseases.  Eco  friendly 
management  strategies  such  as  the  use  of  bio  agents  are  of  much  importance  due  to  the  ecological  hazards  inflicted 
by  the  plant  protection  chemicals  on  its  excessive  use.  ‘Plant  growth  promoting  rhizobacteria’  (PGPR),  are  known 
to  induce  systemic  resistance  in  the  host  plant,  which  may  reduce  the  disease  incidence  and  increase  the  yield 
(Haas  and  Defago,  2005).  A  state  of  enhanced  defensive  capacity  developed  by  a  plant  when  appropriately 
stimulated  by  microorganism  or  environmental  stress  is  referred  as  induced  systemic  resistance  (Zhu-Salzman  et 
al,  2005).  The  selected  plant  growth-promoting  bacteria  in  the  rhizosphere  prime  the  whole  plant  for  enhanced 
defense  against  a  broad  spectrum  of  pathogens  in  Induced  Systemic  Resistance  (Pieterse  et  al,  2014).  ISR  usually 
lasts  for  relatively  long  time  in  plants  and  the  level  may  change  after  initial  elicitation  (Kuc,  2001).  Defence 
enzymes  associated  with  ISR  includes,  phenylalanine  ammonia  lyase  (PAL),  peroxidase  (PO),  poly  phenol  oxidase 
(PPO),  catalase  (CAT),  lipoxygenase,  P-  1,3  glucanase,  chitinase,  superoxide  dismutase  (SOD),  ascorbate 
peroxidase  (APX)  and  proteinase  inhibitors  (van  Loon,  1997),  may  bring  about  the  liberation  of  molecules  which 
elicit  first  line  of  resistance  induction,  phenolics  and  phytoalexins  (Keen  and  Yoshikawa,  1983).  ISR  exhibited  by 
biocontrol  has  been  established  as  a  potential  tool  in  crop  protection  against  diseases  (Manikandan  and 
Raguchander,  2014). 
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Prior  application  of  biological  inducer  is  a  novel  technique  for  inducing  plant’s  own  defence  mechanism  which 
confers  plant  protection  (Kuc,  1995).  The  bacteria  Burkholderia  cepacia  strain  IISRCLRB5  isolated  from  healthy  turmeric 
rhizosphere  have  been  reported  to  protect  turmeric  plants  against  pathogenic  rhizome  rot  pathogen  Pythium 
aphanidermatum  through  a  range  of  mechanisms,  including  antagonism  via  siderophore  production,  IAA  production, 
ammonia  production,  phosphate  solubilization,  potassium  utilization,  a-  amylase  production  and  protease  production 
(Bijitha  and  Suseela,  2019).  In  this  contest,  it  is  pertinent  to  explore  the  potentiality  of  Burkholderia  cepacia  IISRCLRB5 
in  inducing  the  systemic  resistance  against  the  rhizome  rot  pathogen  Pythium  aphanidermatum.  The  study  encompasses  to 
understand  the  mechanism  of  B.  cepacia  IISRCLRB5  induced  systemic  resistance  through  defence  related  enzymes 
activity  and  phenolic  compounds  in  turmeric  against  rhizome  rot  pathogen. 

2.  MATERIALS  AND  METHODS 

Turmeric  Material:  Disease  free  rhizomes  of  turmeric  variety  TISR  Prathibha’  were  procured,  grown  and  maintained  in 
sterile  porting  mixture  (soil:  sand:  cow  dung,  2:2:1)  in  pro  trays  under  greenhouse  conditions.  45  days  old  plants  were  used 
for  the  study. 

Biocontrol  Agent  (Rhizobacterium):  1  ml  log  phase  culture  of  (3  x  1010  CFU  mL-1)  of  B.  cepacia  strain  IISRCLRB5  was 
added  to  the  nutrient  broth  and  incubated  at  room  temperature  (25  +  2  °C)  for  48  hours  and  used  for  the  study. 

Pathogen:  P.  aphanidermatum  grown  for  72  h  on  PDA  plates  was  macerated  and  10  mL  of  the  concentrate  (lg  mycelium) 
was  then  suspended  in  100  mL  of  distilled  water  served  as  the  pathogen  inoculum. 

Treatments:  Four  treatments  were  included  in  the  study  with  three  replications  in  a  completely  randomized  manner  on 
variety  IISR-  Prathibha.  The  treatments  were  Tl-  absolute  control,  T2-  pathogen  control  (challenged  with  Pythium 
aphanidermatum  inoculum),  T3-  rhizobacterium  control  (plants  treated  with  the  bacterial  suspension  alone)  and  T4- 
rhizobacterium  +  pathogen  (pathogen  inoculated  2  days  after  rhizobacterium  treatment). 

Sampling:  Plants  were  carefully  uprooted  without  causing  any  damage  to  rhizome  tissues  at  different  time  intervals  from  0 
(1  hour  after  pathogen  challenging)  to  8  days  post  inoculation  (DPI)  at  24  h  intervals.  The  fresh  plants  were  washed  in  running 
tap  water,  the  leaf,  rhizome  and  root  tissues  were  drawn,  weighed  and  ground  in  respective  buffer  solutions  using  a  pre-chilled 
mortar  and  pestle  and  subjected  to  biochemical  analyses  for  peroxidase,  polyphenol  oxidase,  phenyl  alanine  ammonia 
lyase,  lipoxygenase,  P  (1,3)  glucanase  and  phenols. 

Peroxidase  (PO)  Assay 

Peroxidase  activity  was  performed  according  to  Jennings  et  al,  (1969).  Samples  were  extracted  in  1  mL  of  50  mM  Tris- 
HC1  buffer  (pH  7.5)  by  grinding  at  4°C.  The  homogenate  was  centrifuged  at  13,000  g  for  20  min  at  4°C  and  the 
supernatant  was  used  for  the  enzyme  assay.  The  reaction  mixture  consisted  of  0.5  mL  of  the  enzyme  extract,  0.5  mL  of  the 
substrate  1%  guaiacol,  0.5  mL  of  1%  H2O2  and  1.5  mL  of  50  mM  Tris-  HC1  buffer  (pH  7.5).  In  a  spectrophotometer,  the 
peroxidase  activity  was  determined  by  measuring  the  change  in  absorbance  at  20  s  interval  for  a  period  of  3  min  at  470  nm. 
The  enzyme  activity  was  calculated  using  the  extinction  coefficient  for  tetraguaiacol  (26600  M"1  cm"1)  and  was  expressed 
in  micromoles  of  tetraguaiacol  formed  per  min  per  gram  fresh  weight.  Tris-  HC1  buffer  served  as  blank. 

Poly  Phenol  Oxidase  (PPO)  Assay 

The  PPO  assay  was  performed  spectrophoto  metrically  using  Mayer  et  al,  (1966)  with  slight  modifications.  Respective 
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plant  tissue  samples  were  homogenized  in  1  mL  of  0.1  M  sodium  phosphate  buffer  (pH  6.5)  with  0.1  %  Triton-X  and 
centrifuged  at  13,000  g  for  20  min  at  4°C  and  the  supernatant  was  used  for  the  assay.  2.5  mL  sodium  phosphate  buffer  and 
0.5  mL  enzyme  extract  constituted  the  reaction  mixture,  into  which  200  pL  of  0.01  M  catechol  was  added.  At  495  nm,  the 
change  in  absorbance  with  the  formation  of  catechol  quinone  was  noted  at  20  s  interval  for  3  min.  The  extinction 
coefficient  for  oxidized  catechol  (3.6  x  104  IVT'ctrf ')  as  micromoles  of  substrate  converted  per  min  per  gram  fresh  weight 
provides  the  enzyme  activity. 

Phenylalanine  Ammonia  Lyase  (PAL)  Assay 

The  PAL  assay  was  determined  using  Peltonen  and  Karjalainen,  (1995)  method.  The  respective  plant  tissue  samples  were 
homogenized  in  1  mL  of  50  mM  Tris-  HC1  buffer  (pH  8.5)  at  4°C,  the  homogenate  was  centrifuged  at  13,000  g  for  10  min 
at  4°C.  The  supernatant  was  used  for  enzyme  activity  assay.  2.9  L  of  0.2  %  L-  phenylalanine  in  50  mM  tris-  HC1  (pH  8.5) 
and  0.1  mL  of  enzyme  extract  constituted  the  reaction  mixture.  The  mixture  was  incubated  for  1  h  at  37°C  and  the  optical 
density  was  recorded  at  290  nm.  The  amount  of  trans-  cinnamic  acid  produced  was  calculated  as  the  micromoles  of  trans- 
cinnamate  produced  per  minute  per  gram  fresh  weight  using  a  standard  curve  developed  for  trans-cinnamic  acid. 

Lipoxygenase  (LOX)  Assay 

The  enzyme  assay  was  performed  according  to  the  method  of  Plagemann  el  al,  (2013)  with  slight  modifications.  Samples 
of  respective  plant  tissues  were  ground  in  1  mL  of  0.1  M  sodium  phosphate  buffer  (pH  6.5)  at  4°C.  The  homogenate  was 
centrifuged  at  13,000  rpm  for  20  min  at  4°C  and  the  supernatant  was  used  as  the  enzyme  source.  The  reaction  mixture 
constitutes  3  mL  of  0.1  M  sodium  phosphate  buffer,  0.05  mL  of  enzyme  extract  and  0.75  mL  of  freshly  prepared  solution 
of  linoleic  acid  substrate  (buffered).  The  enzyme  activity  was  obtained  by  monitoring  the  change  in  absorbance  at  234  nm 
for  3  min  and  the  enzyme  activity  was  expressed  as  micromoles  of  substrate  converted  per  minute  per  gram  fresh  weight. 

Beta-1,  3  Glucanase  Assay 

Beta-1,  3-glucanase  activity  was  assayed  spectrophotometrically  using  the  Nelson  Somogyi  method  (Somogyi,  1952)  with 
slight  modifications.  Respective  plant  tissues  were  extracted  with  1  mL  of  0.1M  sodium  acetate  buffer  (pH  5.0)  at  4°C. 
The  homogenate  was  centrifuged  at  10,000  rpm  forl5  min  at  4°C,  the  supernatant  served  as  the  crude  enzyme  extract  for 
the  assay.  0.075  mL  enzyme  extract  and  0.075  ml  substrate,  4%  laminarin  constituted  the  reaction  mixture.  The  mixture 
was  incubated  for  10  min  at  40°C  and  then  stopped  by  the  addition  of  alkaline  copper  reagent  and  boiled  for  10  min  on  a 
water  bath.  Beta-1,  3  glucanase  activity  was  determined  by  measuring  absorbance  at  620  nm  in  a  spectrophotometer. 
The  enzyme  activity  was  compared  against  glucose  standards  and  expressed  in  units  of  micromoles  of  substrate  converted 
per  minute  per  gram  fresh  weight. 

Estimation  of  Phenols 

Total  phenols  were  extracted  according  to  Folin-  Ciocalteau  method  described  by  Gutfinger,  1981  with  slight 
modifications.  Respective  plant  tissues  were  ground  in  1.5  mL  of  80  %  methanol  at  room  temperature.  The  extracts  were 
centrifuged  and  the  supernatant  was  used  for  the  assay  of  total  phenols.  About  0.5  mL  of  Folin-Ciocalteau  reagent  was 
added  to  0.2  mL  of  the  extract,  after  3  min,  1  mL  of  saturated  sodium  carbonate  solution  was  added  and  diluted  to  10  mL 
volume  with  distilled  water.  After  1  h,  the  absorbance  was  read  at  725  nm  in  a  spectrophotometer  and  quantified  against 
gallic  acid  standard. 
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Statistical  Analysis 

The  significance  of  treatment  effects  was  determined  by  one-way  analysis  of  variance  (ANOVA)  with  the  statistical 
package  SAS  software  (Version  9.3)  and  subjected  to  mean  separation  by  the  Least  Significant  Difference  (LSD)  test,  p  < 
0.05. 

RESULTS 

Results  of  spectrophotometric  assay  revealed  that  application  of  rhizobacterium  significantly  increased  the  activities  of 
total  phenols  and  defence  enzymes  viz.,  PO,  PPO,  PAL,  LOX  and  (3  1,  3  glucanase  in  turmeric  leaf,  rhizome  and  root 
tissues  against  the  rhizome  rot  pathogen. 


Figure  1:  Change  in  PO  Activity  in;  (A)-  Leaf,  (B)-  Rhizome  and  (C)-  Root  Tissues  of  Turmeric  Treatments;  DPI- 
Days  Post  Inoculation;  Tl-Absolute  Control,  T2-  Pathogen  Control  T3-  Rhizobacterium  Alone  and  T4- 
Rhizobacterium  +  Pathogen;  DO  to  D8-  Day  0  to  Day  8  (LSD  at  5%  Level  of  Significance). 


Significant  difference  in  peroxidase  activity  could  not  be  observed  under  uninoculated  condition.  Upon 
challenging  with  P.  aphanidermatum,  on  1st  day  itself  significant,  enhanced  enzyme  activity  was  shown  by  both  T3  and  T4 
in  all  the  tissues,  while  the  highest  activity  was  recorded  with  T4.  In  T4,  the  leaf  tissues  showed  the  highest  activity  from 
day  5  onwards  and  the  enzyme  activity  remained  significantly  high  throughout  the  study  period.  On  day  5  the  activity  was 
18.03  folds  higher  than  that  of  absolute  control  plants  (Tl)  and  5.69  folds  higher  than  that  of  T2.  It  was  observed  that  the 
enzyme  activity  in  T3  is  13.45  folds  higher  than  that  of  absolute  control  plants  (Tl).  In  rhizome  tissues  also,  the  highest 
peroxidase  activity  was  observed  with  T4  lines.  In  root  tissues,  the  highest  peroxidase  activity  was  noticed  on  day  6  of  T2 
(11.46  folds  higher)  and  it  was  higher  than  that  of  the  highest  value  in  T4  lines  but  thereafter  gradually  decreased.  T4 
plants  also  recorded  high  peroxidase  activity  from  day  3  onwards.  The  highest  activity  of  10.87  folds  higher  value  was 
observed  on  day  7  and  remains  at  par  from  day  4  onwards  in  T4. 
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Like  peroxidase,  there  is  no  significant  difference  in  poly  phenol  oxidase  activity  was  observed  under  uninoculated 
condition  (Tl).  Upon  pathogen  inoculation,  enzyme  activity  increased  in  all  the  three  tissues  of  all  the  treatment  lines, 
being  the  highest  activity  on  T4.  In  leaf  tissues,  maximum  activity  was  observed  from  day  5  up  to  day  8  in  T4  of  which  the 
highest  activity  marked  on  day  6  (5.43  folds).  In  T3  also  a  marked  increase  was  noted  on  day  5  onwards  (around  4.47 
folds).  In  T2  also,  an  increase  in  activity  was  noted  with  highest  value  on  day  5  (3.64  folds)  but  it  has  got  decreased 
afterwards.  In  rhizome  tissues  also  a  marked  increase  in  activity  was  noted  in  T4  with  highest  activity  on  day  8  with  12.23 
folds  increase  as  compared  to  the  Tl.  Rhizome  tissues  of  T3  plants  also  showed  significant  increase  in  enzyme  activity 
followed  by  T2  plants.  In  root  tissues  also  highest  PPO  activity  was  observed  with  T4,  highest  being  on  day  8  with  14.53 
folds  increase  followed  by  T3  plants  with  highest  value  on  day  5  with  8.81  folds  increase.  T2  plants  also  noticed  a  slight 
increase  in  activity  from  day  0  to  day  6  while  the  activity  decreased  significantly  from  day  7  onwards. 


Figure  2:  Change  in  PPO  Activity  in;(A)-  Leaf,  (B)-  Rhizome  and  (C)-  Root  Tissues  Of  Turmeric  Treatments;  DPI- 
Days  Post  Inoculation;  DO  To  D8-  Day  0  To  Day  8  (LSD  at  5%  Level  of  Significance). 

Assay  of  Phenylalanine  Ammonia  Lyase  (PAL). 

As  in  earlier  cases,  there  is  no  significant  difference  in  poly  phenol  oxidase  activity  was  observed  under  uninoculated 
condition  (Tl).  In  leaf  tissues,  highest  activity  of  PAL  was  noticed  on  day  6  of  T3  (8.59  folds)  followed  by  T2  (8.33  folds). 
T4  also  recorded  a  significant  increase  in  activity  with  highest  values  on  day  7(7.26  folds),  4  (6.65  folds)  and  8  (6.64 
folds).  In  rhizome  tissues,  significantly  high  activity  was  noted  from  day  0  onwards  with  highest  activity  on  day  6  (7.26 
folds)  and  8  (6.64  folds)  in  T4.  As  in  rhizome  tissues,  root  tissues  also  showed  enhanced  values  of  PAL  activity  on  T4  from 
day  0  onwards,  high  values  being  observed  with  highest  activity  on  day  5  (9.18  folds)  and  remained  slightly  similar 
throughout  the  experiment  period.  In  T3,  significant  increase  was  noted  from  day  1  with  highest  activity  on  day  8  (8.2  folds). 
Even  though  T2  recorded  higher  activity  in  all  the  tissues,  a  significant  decrease  was  noted  in  all  the  tissues  towards  the 
end  of  experiment. 
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Figure  3:  Change  inPAL  Activity  in;  (A)-  Leaf,  (B)-  Rhizome  and  (C)-  Root  Tissues  of 
Turmeric  Treatments  (LSD  at  5%  Level  of  Significance). 


Assay  of  Lipoxygenase  (LOX) 

There  is  no  significant  difference  in  LOX  activity  was  observed  in  any  of  the  tissues  of  Tl.  In  leaf  tissues,  lipoxygenase 
activity  was  significantly  high  in  T3  lines,  being  recorded  the  highest  activity  on  day  8  (10.44  folds)  followed  by  T4  lines 
with  highest  activity  noted  on  day  4  (8.74  folds).  In  rhizome  tissues  also  there  is  no  significant  change  in  lipoxygenase 
activity  except  for  a  sparse  change  enhancement  in  day  6  (1.53  folds).  Unlike  leaf  tissues,  the  T4  lines  showed  highest 
values  of  activities  instead  of  T3  lines.  In  root  tissues  also  there  is  no  significant  change  in  lipoxygenase  activity  of  T2 
lines  while  significantly  high  activities  was  observed  with  T4  lines  from  day  0  followed  by  T3  lines.  In  T4  lines,  the 
highest  activity  was  noted  with  day  6  (20.25  folds)  and  in  T3  lines  the  enhanced  activity  was  noted  with  15.67  folds 
increase  in  day  7. 


Figure  4:  Change  in  LOX  Activity  in;  (A)-  Leaf,  (B)-  Rhizome  And  (C)-  Root  Tissues  of 
Turmeric  Treatments  (LSD  At  5%  Level  of  Significance). 
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Figure  5:  Change  in  Beta  (1,3)  Glucanase  activity  in;(A)-  Leaf(B)-  Rhizome  and  (C)-  Root 


Tissues  of  Turmeric  (LSD  At  5%  Level  of  Significance). 

No  significant  change  in  p  (1,3)  glucanase  activity  was  observed  with  T1  lines  of  all  the  three  tissues.  In  leaf  tissues,  from 
day  0  onwards  P  (1,3)  glucanase  activity  shot  up  compared  to  other  treatment  lines  with  the  highest  activity  on  day  5  with 
12.14  fold  increase  as  compared  to  absolute  control.  In  T3  lines  also,  significant  increase  in  enzyme  activity  was  noted 
from  day  1  onwards  with  highest  activity  on  day  5  (7.66  folds).  In  rhizome  tissues,  highest  activity  was  noted  on  day  4 
(16.15  folds).  Even  though  there  are  some  abrupt  changes  in  the  P  (1,3)  glucanase  activity  of  T4  lines  the  values  remained 
significantly  high  throughout  the  experiment.  T3  lines  also  showed  a  significant  increase  in  enzyme  activity  from  time  to 
time  with  a  maximum  of  9.92  folds  on  day  7  as  compared  to  the  absolute  control  plants.  Unlike  leaf  tissues,  T2  lines  of 
rhizome  and  root  tissues  showed  a  slight  increase  in  P  (1,3)  glucanase  activity  as  the  experiment  progresses.  Highest  P  (1,3) 
glucanase  activity  was  observed  with  T4  lines  of  root  tissues  with  the  highest  value  being  21.45  fold  on  day  6.  In  T3  lines 
also  a  significant  increase  in  enzyme  activity  was  noted  on  day  7  (14.61  folds). 

Assay  of  Total  Phenols 
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Figure  6:  Change  in  Total  Phenols  I-in;  (A)-  Leaf,  (B)-  Rhizome  and  (C)-  Root  Tissues  of 
Turmeric  (LSD  at  5%  Level  of  Significance). 
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In  leaf  tissues,  highest  production  was  observed  with  T4  followed  by  T3  and  then  in  T2.  In  T4  and  T3  the  highest  content 
was  observed  on  7th  day  with  13.3  folds  and  10.37  folds  respectively.  Upon  pathogen  inoculation,  the  total  phenols  all  the 
tissues  of  T4  remained  on  the  higher  side  from  day  0  to  day  8.  In  rhizome  tissues  and  root  tissues  also  phenol  content  was 
high  in  T4  lines  followed  by  T3  and  then  in  T2.  In  rhizome  tissues,  the  highest  increase  was  observed  on  day  8  in  T4  (11.22 
folds),  day  5  (9.36  folds)  in  T3  and  day  6  (8.05  folds)  as  compared  to  the  Tl.  In  root  tissues,  on  5th  day  T4  (14.43  folds)  and 
T3  (12.46  folds)  showed  highest  phenol  contents. 

3.  DICUSSION  AND  CONCLUSIONS 

The  nitrogen  fixing,  phosphate  solubilizing  and  potassium  utilizing  B.  cepacia  strain  IISRCLRB5  showed  71.81  % 
inhibition  in  vitro  and  100  %  rhizome  rot  control  in  turmeric  plants  against  P.  aphanidermatum  in  vivo  (Bijitha  and 
Suseela,  2019).  Early  and  elevated  levels  of  expressions  of  various  defence  enzymes  in  response  to  pathogen  attack  and 
biocontrol  agents  are  important  features  in  inducing  systemic  resistance.  The  present  study  was  focused  to  determine  the 
changes  in  the  levels  of  defence  related  enzymes  and  total  phenols  in  turmeric  plants  in  response  to  pathogen  attack  ( P . 
aphanidermatum ),  biocontrol  treatment  alone  (B.  cepacia  strain  IISRCLRB5)  and  both  together. 

Peroxidase  mediates  lignifications  by  producing  PUCE,  its  role  in  lignification  is  well  studied  in  plants  (Lamb  & 
Dixon,  1997).  As  a  primary  line  of  defence  against  invading  pathogens,  lignin  is  involved  in  cell  wall  building  processes. 
The  oxido-reductive  enzyme  peroxidase  is  found  to  participate  in  phenol  oxidation,  lignification  and  suberization  of  host 
plant  cells  as  a  part  of  defense  reaction  against  pathogens  (Ray  et  al,  1998).  POD  induction  is  reported  to  be  one  of  the 
early  events  in  many  plant-microbe  interactions  (Harrison  et  al,  1995).  Upon  inoculation  with  Pseudomonas  syringae, 
peroxidase  activity  was  increased  in  the  first  24  hpi  in  cucumber  plants  (Smith  et  al,  1991).  In  this  study  also  an  increase  in 
peroxidase  activity  was  observed  with  pathogen  challenging  and  rhizobacterial  treatment.  The  highest  activity  was 
observed  with  T4  indicates  the  protective  role  played  by  the  bacteria  against  P.  aphanidermatum  attack.  The  PPO  activity 
is  strongly  correlated  to  high  pathogen  resistance  (Raj  et  al,  2006).  PPO  induction  following  resistant  plant-pathogen 
interactions  have  been  reported  in  various  pathosystems  including  wheat -Fusarium  graminearum  (Mohammadi  and 
Kazemi,  2002),  potato-R.solanacearum  (Poiatti  et  al,  2009),  Pectobacterium  atrosepticum-  potato  (Ngadze  et  al,  2012), 
Uromyces  hobsoni-Jasminum  officinale,  R.  solanacearum- patchouli  interactions  (Xie  et  al,  2017).  PPOs  are  also  induced 
in  susceptible  interactions,  such  as  potato  soft  rot  and  in  non-host  interactions,  such  as  bacterial  spot  of  citrus  (Poiatti  et  al, 
2009).  In  the  present  study  also,  high  induction  of  PPO  was  observed  on  pathogen  inoculation  and  an  extensively  high 
induction  of  the  enzyme  was  observed  with  the  involvement  of  rhizobacterium. 

In  various  host-pathogen  interactions,  increase  in  PAL  activities  have  been  found  viz.,  Eruca  sativa,  Alternaria 
brassicicola  (Gupta  et  al,  2014),  tomato  -Fusarium  oxysporum  (Mandal  et  al,  2009),  tomato-R.  solanacearum  (Vanitha  et 
al,  2009)  interactions.  Those  transgenic  tobacco  plants  were  found  to  be  more  sensitive  to  fungal  infection  than  wild-type 
plants  when  their  PAL  activities  were  suppressed  (Maher  et  al,  1994)  and  they  were  unable  to  establish  SAR  in  response  to 
pathogen  infection  (Pallas  et  al,,  1996).  PAL  plays  an  important  role  in  the  synthesis  of  salicylic  acid  (Mauch-Mani  and 
Slusarenko,  1996),  a  compound  necessary  for  the  induction  of  systemic  acquired  resistance  in  many  plants  (Dixon  and 
Paiva,  1995).  In  our  study  also  on  rhizobacterium  treatment,  the  PAL  activity  was  found  to  be  increased  extensively, 
suggests  the  role  of  B.  cepacia  strain  IISRCLRB5  in  disease  resistance  through  the  induction  of  PAL.  LOX  are  involved  in 
metabolic  route  leading  to  the  synthesis  of  various  antimicrobial  compounds  such  as  JA  and  aldehydes  involved  in  plant 
defence  (Dixon  and  Paiva,  1995).  Increase  in  LOX  activity  in  response  to  pathogen  infection  has  been  reported  for  a 
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number  of  plant-pathogen  systems  (Vanitha  and  Umesha,  2008).  Here  the  present  study  confirms  the  enhancement  of  LOX 
in  response  to  pathogen  invasion  along  with  the  protective  role  of  B.  cepacia  strain  IISRCLRB5  in  disease  resistance. 

P  -1,3-glucanase  is  involved  in  hydrolytic  cleavage  of  the  1,3-  P  -D-glucosidic  linkages  in  P  -1,3-glucans  of  the  of 
fungi  and  oomycetes  cell  wall  (Hoj  &  Fincher,  1995;  Borad  &  Sri  ram,  2008).  As  a  result  of  the  hydrolysis  of  glucans  in 
the  cell  walls  of  the  pathogen,  cell  lysis  and  cell  death  occurs.  The  fungal  elicitors  released  from  pathogen  cell  wall  can 
induce  P  -1,  3-glucanases  in  the  different  parts  of  the  host  plant  (Borad  &  Sriram,  2008).  These  enzymes  are  found  in  a 
wide  variety  of  plants  like  Arachis  hypogea,  Cicer  arietinum ,  Nicotiana  tabacum  etc.  and  having  resistance  against  various 
fungi  like  Aspergillus  parasiticus,  A.  flavus,  Blumeria  graminis,  C.  lagenarium,  F.  culmorum,  F.  oxysporum,  F.  udum, 
Macrophomina  phaseolina  and  Streptomyces  sioyaensis  (Borad  &  Sriram,  2008).  This  study  confirms  the  role  of  (3  -1,  3- 
glucanases  along  with  other  defence  related  enzymes  in  pathogen  invasion.  Phenolics  are  important  due  to  the  formation  of 
soluble  and  insoluble  complexes  by  binding  to  proteins  in  vitro  (Torti  el  al ,  1995).  These  interactions  play  a  major  role  in 
defensive  function  of  phenolics  and  are  key  factors  in  the  plant  defense  against  fungal  infection  (Carrasco  el  al,  1978). 
Some  plants  may  express  these  phenolic  compounds  as  a  means  of  passive  defense  constitutively  (Barry  &  Manley,  1986), 
or  they  may  be  expressed  on  attack  by  pests  and  diseases  (Grey  et  al,  1997).  In  this  study  also  it  was  found  that  a  small 
quantity  of  total  phenol  content  even  in  absolute  control  lines  which  may  suggests  their  constitutive  expression.  The  content 
was  high  in  T2  on  pathogen  challenging  indicate  the  expression  in  response  to  pathogen  attack.  A  high  content  was 
observed  with  T3  lines  and  the  highest  phenol  content  was  observed  with  T4  indicates  the  protective  role  rendered  by 
Burkholderia  cepacia  strain  IISRCLRB5. 

In  all  the  tissues  we  studied,  the  defence  related  enzymes  and  total  phenols  are  found  to  be  significantly  higher  on 
pathogen  challenging  in  B.  cepacia  strain  IISRCLRB5  treated  turmeric  plants  as  compared  with  other  treatment  lines, 
indicates  the  crucial  role  of  particular  rhizobacteriain  induction  of  important  defence  related  enzymes.  ISR  helps  plants  to 
withstand  pathogen  attack  specifically  in  roots  or  leaves,  may  not  impart  total  protection  (Haas  and  Defago,  2005).  While 
our  study  clearly  indicates  that  the  rhizobacteria  treatment  enhances  protection  in  rhizome  tissues  also.  This  finding  along 
with  the  previous  findings  on  the  organism  (Bijitha  and  Bhai  2019)  increases  the  scope  of  usage  of  B.  cepacia  strain 
IISRCLRB5  as  a  biocontrol  agent  against  rhizome  rot  of  turmeric.  But  this  could  be  established  only  after  evaluation  under 
field  conditions. 

4.  ACKNOWLEDGMENTS 

This  research  was  funded  by  the  Kerala  State  Council  for  Science,  Technology  and  Environment  (KSCSTE)  Council  Order 
No.  (T)  364  /FSHP  /2010  /  CSTE,  Thiruvananthapuram,  Kerala,  India.  Authors  are  grateful  to  KSCSTE,  Director,  ICAR- 
Indian  Institute  of  Spices  Research,  Kozhikode,  Mr.  K.  Jayarajan  (Assistant  Chief  Technical  Officer)  for  statistical  analysis 
and  Mrs.  P.  K.  Chandravally  (Technical  Officer)  for  technical  support. 

REFERENCES 

1.  Barry,  T.  N,  &  Manley,  T.  R.  (1986).  Interrelationships  between  the  concentrations  of  total  condensed  tannin,  free  condensed 
tannin  and  lignin  in  Lotus  sp.  and  their  possible  consequences  in  ruminant  nutrition.  Journal  of  the  Science  of  Food  and 
Agriculture,  37(3),  248-254. 

2.  Bijitha  P.K.  and  Suseela  Bhai  R.  2019.  Burkholderiacepacia  strain  IISRCLRB5,  a  promising  bioagent  for  the  management  of 
rhizome  rot  of  turmeric  ( curcuma  longa  L. ).  International  Journal  of  Agricultural  Science  and  Research,  9(1),  1-12. 


www.tiprc.ors 


editor@tjprc.  org 


30 


P.  K.  Bijitha  &  R.  Suseela  Bhai 


3.  Borad,  V,  &  Sriram,  S.  (2008).  Pathogenesis-related  proteins  for  the  plant  protection.  Asian  Journal  of  Experimental  Science, 
22(3),  189-196. 

4.  Carrasco,  A,  Boudet,  A.  M,  &  Marigo,  G.  (1978).  Enhanced  resistance  of  tomato  plants  to  Fusarium  by  controlled  stimulation 
of  their  natural  phenolic  production.  Physiological  Plant  Pathology,  12(2),  225-232. 

5.  Dixon,  R.  A,  &  Paiva,  N.  L.  (1995).  Stress-induced phenylpropanoid  metabolism.  The  Plant  Cell,  7(7),  1085. 

6.  Grey,  C.  B,  Cowan,  D.  P,  Langton,  S.  D,  &  Watkins,  R.  W.  (1997).  Systemic  application  of  L-phenylalanine  increases  plant 
resistance  to  vertebrate  herbivory.  Journal  of  Chemical  Ecology,  23(5),  1463-1470. 

7.  Gupta,  P,  Ravi,  I,  &  Sharma,  V.  (2014).  Regulation  of  defence  response  in  Eruca  sativa  plants  inoculated  with  Alternaria 
brassicicola.  Archives  of  Phytopathology  and  Plant  Protection,  47(12),  1408-1414. 

8.  Gutfinger,  T.  ( 1981 ).  Polyphenols  in  olive  oils.  Journal  of  American  Oil  Chemists  Society,  58,  966-968. 

9.  Haas,  D,  Defago,  G.  (2005).  Biological  control  of  soil-borne  pathogens  by  fluorescent  pseudomonads.  Nature  Reviews 
Microbiology,  3,  307-319. 

10.  Biswas,  K,  &  Ghosh,  P.  (2016).  Recent  Advancements  And  Biological  Management  of  Fusarium  Udum:  A  Causative  Agent  Of 
Pigeonpea  Wilt.  International  Journal  of  Applied  and  Natural  Sciences,  5(3),  57-72. 

11.  Harrison,  S.  J,  Curtis,  M.  D,  McIntyre,  C.  L,  Maclean,  D.  J,  &  Manners,  J.  M.  (1995).  Differential  expression  of  peroxidase 
isogenes  during  the  early  stages  of  infection  of  the  tropical  forage  legume  Stylosanthes  humilis  by 
Colletotrichumgloeosporioides.  Molecular  Plant-Microbe  Interactions,  8(3),  398-406. 

12.  Hoj,  P.  B,  &  Fincher,  G.  B.  (1 995 ).  Molecular  evolution  of  plant  f  glucan  endohydrolases.  The  Plant  Journal,  7(3),  367-379. 

13.  Jennings,  P.H,  Brannaman,  B.L,  Zscheile,  F.P.  (1969).  Peroxidase  and  polyphenol  oxidase  activity  associated  with 
Helminthosporium  leaf  spot  of  maize.  Phytopathology,  59,  963-967. 

14.  Keen,  N,  Yoshikawa,  M.  (1983).  1,3  Endoglucanase  from  Soybean  Releases  Elicitor-Active  Carbohydrates  from  Fungus  Cell 
Walls.  Plant  Physiology,  71,  460^165. 

15.  Kuc,  J.  (1995).  Phytoalexins,  Stress  Metabolism,  and  Disease  Resistance  in  Plants.  Annual  Review  of  Phytopathology,  33, 
275-297. 

16.  Kuc,  J,  (2001).  Concepts  and  Direction  of  Induced  Systemic  Resistance  in  Plants  and  its  Application.  European  Journal  of 
Plant  Pathology,  107,  7-12. 

17.  Lamb,  C,  Dixon,  R.A.  (1997).  The  oxidative  burst  in  plant  disease  resistance.  Annual  Review  of  Plant  Physiology  and  Plant 
Molecular  Biology,  48,  251-275. 

18.  Maher,  E.  A,  Bate,  N.  J,  Ni,  W,  Elkind,  Y,  Dixon,  R.  A,  &  Lamb,  C.  J.  (1994).  Increased  disease  susceptibility  of  transgenic 
tobacco  plants  with  suppressed  levels  of  preformed  phenylpropanoid  products.  Proceedings  of  the  National  Academy  of 
Sciences,  91(16),  7802-7806. 

19.  Mandal,  S,  Mitra,  A,  &  Mallick,  N.  (2009).  Time  course  study  on  accumulation  of  cell  wall-bound  phenolics  and  activities 
of  defence  enzymes  in  tomato  roots  in  relation  to  Fusarium  wilt.  World  Journal  of  Microbiology  and  Biotechnology,  25(5), 
795-802. 

20.  Manikandan,  R,  Raguchander,  T.  (2014).  Fusarium  oxysporum  f  sp.  lycopersici  retardation  through  induction  of  defensive 
response  in  tomato  plants  using  a  liquid  formulation  of  Pseudomonas  fluorescens  (Pfl ).  European  Journal  of  Plant  Pathology, 
140,  469-480. 


Impact  Factor  (JCC):  5.4083 


NASS  Rating:  3.58 


Burkholderia  Cepaciastrain  IISRCLRB5  Mediated  Induction  of  Defence  31 

Related  Enzymes  and  Phenolic  Compounds  to  Enhance  the  Resistance  in 
Turmeric  (Curcuma  Longa  L.)  to  Pythiumaphanidermatum 

21.  Mauch-Mani,  B,  &  Slusarenko,  A.  J.  (1996).  Production  of  salicylic  acid  precursors  is  a  major  function  of  phenylalanine 
ammonia-lyase  in  the  resistance  of  Arabidopsis  to  Peronospora  parasitica.  The  Plant  Cell,  8(2),  203-212. 

22.  Mayer,  AM,  Harel,  E,  Ben-Shaul,  R.  (1966).  Assay  of  catechol  oxidase — A  critical  comparison  of  methods.  Phytochemistry,  5, 
783-789. 

23.  Mohammadi,  M,  &  Kazemi,  H.  (2002).  Changes  in  peroxidase  and  polyphenol  oxidase  activities  in  susceptible  and  resistant 
wheat  heads  inoculated  with  Fusariumgraminearum  and  induced  resistance.  Plant  Science,  162(4),  491-498. 

24.  Ngadze,  E,  Icishahayo,  D,  Coutinho,  T.  A,  &  van  der  Waals,  J.  E.  (2012).  Role  of  polyphenol  oxidase,  peroxidase, 
phenylalanine  ammonia  lyase,  chlorogenic  acid,  and  total  soluble  phenols  in  resistance  of  potatoes  to  soft  rot.  Plant  Disease, 
96(2),  186-192. 

25.  Pallas,  J.  A,  Paiva,  N.  L,  Lamb,  C,  &  Dixon,  R.  A.  (1996).  Tobacco  plants  epigenetically  suppressed  in  phenylalanine 
ammonia-lyase  expression  do  not  develop  systemic  acquired  resistance  in  response  to  infection  by  tobacco  mosaic  virus.  The 
Plant  Journal,  10(2),  281-293. 

26.  Peltonen,  S,  Karjalainen,  R.  (1995).  Phenylalanine  Ammonia-lyase  Activity  in  Barley  After  Infection  with  Bipolaris 
sorokiniana  or  Treatment  with  its  Purified  Xylanase.  Journal  of  Phytopathology 143,  239-245. 

27.  I.  Stavroula,  M.  A.  M.  O.  U.  C.  H.  A,  &  Rahul,  J.  I.  T.  1.  N.  (2017).  Mediterranean  climate  affects  the  biosynthesis  of  secondary 
metabolites  in  common  medicinal  plants.  International  Journal  of  J.  Bot,  6,  17-28. 

28.  Pieterse,  C.  M.  J,  Zamioudis,  C,  Berendsen,  R.  L,  Weller,  D.  M,  Van  Wees,  S.  C.  M,  &  Bakker,  P.  A.  H.  M.  (2014).  Induced 
systemic  resistance  by  beneficial  microbes.  Annual  Review  of  Phytopathology,  52,  347-375. 

29.  Plagemann,  1,  Zelena,  K,  Arendt,  P,  Ringel,  P.D,  Krings,  U,  Berger,  R.G.  (2013).  LOXPsal,  the  first  recombinant 
lipoxygenase  from  a  basidiomycete  fungus.  Journal  of  Molecular  Catalysis.  B,  Enzymatic  Complete,  99-104. 

30.  Poiatti  V.  A.  D,  Dalmas  F.  R,  Astarita  L.  V.  (2009).  Defense  mechanisms  of  Sol anum  tuberosum  L.  in  response  to  attack  by 
plant-pathogenic  bacteria.  Biological  Research,  42,  206-215. 

31.  Raj,  S.  N,  Sarosh,  B.  R,  &  Shetty,  H.  S.  (2006).  Induction  and  accumulation  of  polyphenol  oxidase  activities  as  implicated  in 
development  of  resistance  against  pearl  millet  downy  mildew  disease.  Functional  Plant  Biology,  33(6),  563-571. 

32.  Ray,  H,  Douches,  D.  S,  &  Hammerschmidt,  R.  (1998).  Transformation  of  potato  with  cucumber  peroxidase:  expression  and 
disease  response.  Physiological  and  Molecular  Plant  Pathology,  53(2),  93-103. 

33.  Smith,  J.  A,  Hammerschmidt,  R,  &  Fulbright,  D.  W.  (1991).  Rapid  induction  of  systemic  resistance  in  cucumber  by 
Pseudomonas  syringae  pv.  syringae.  Physiological  and  Molecular  Plant  Pathology,  38(3),  223—235. Somogyi,  M,  1952.  Notes 
on  Sugar  Determination.  J.  Biol.  Chem.  195,  19-23. 

34.  Torti,  S.  D,  Deal  ing,  M.  D,  &  Kursar,  T.  A.  (1995).  Extraction  of  phenolic  compounds  from  fresh  leaves:  a  comparison  of 
methods.  Journal  of  Chemical  Ecology,  21(2),  117-125. 

35.  Vanitha,  S.  C,  &  Umesha,  S.  (2008).  Variations  in  defense  related  enzyme  activities  in  tomato  during  the  infection  with 
bacterial  wilt  pathogen.  Journal  of  Plant  Interactions,  3(4),  245-253. 

36.  Vanitha,  S.  C,  Niranjana,  S.  R,  &  Umesha,  S.  (2009).  Role  of  phenylalanine  ammonia  lyase  and  polyphenol  oxidase  in  host 
resistance  to  bacterial  wilt  of  tomato.  Journal  of  Phytopathology,  157(9),  552-557. 

37.  Van  Loon,  L,  1997.  Induced  resistance  in  plants  and  the  role  of  pathogenesis-related  proteins.  European  Journal  Plant 
Pathology  103. 


www.tiprc.ors 


editor@tjprc.  org 


32 


P.  K.  Bijitha  &  R.  Suseela  Bhai 


38.  Xie ,  J.  H,  Chai,  T.  T,  Xu,  R,  Liu,  D,  Yang,  Y.  X,  Deng,  Z.  C,  Jin,  H.  &  He,  H.  (20 17).  Induction  of  defense-related  enzymes  in 
patchouli  inoculated  with  virulent  Ralstoniasolanacearum.  Electronic  Journal  of  Biotechnology,  27,  63-69. 

39.  Zhu-Salzman,  K,  Bi,  J.-L,  Liu,  T.-X.  (2005).  Molecular  strategies  of  plant  defense  and  insect  counter-defense.  Insect  Science 
12,  3-15. 


AUTHOR  PROFILE 


BIJITHA  P  K  Master  in  Microbiology,  submitted  PhD  thesis  at  Kannur  University  under  the  guidance  of  Dr.  R 
Suseela  Bhai.  Research  is  on  the  oomycete  pathogen  Pythium  spp.;  life  time  member  in  Indian  Society  for  Spices, 
Kozhikode 

ACHIEVEMENTS:  MSc  Rank  Holder,  bagged  KSCSTE  research  fellowship  and  qualified  ARS  NET 


Dr.  R.  SUSEELA  BHAI,  Principal  Scientist  (Plant  pathology),  ICAR-  Indian  Institute  of  Spices  Research 

Educational  Qualifications:  MSc,  PhD  (Botany)  with  Specialization  in  Plant  Pathology. 

37  years  of  Research  Experience  in  Plant  Pathology  with  particular  reference  to  Spice  crops.  Recognized  research 
guide  of  three  Universities  (Mangalore  University,  Kannur  University  and  University  of  Calicut). Guided  eight  PhD 
students,  One  Post  Doctoral  fellow  ,  19  MSc's  2  post  MSc' s  students  and  one  M  Phil. 

Publications,  Membership  and  Awards:  Published  more  than  90  research  papers  in  National  and  International 
Journals.  Presented  more  than  95  papers  in  National  and  International  Symposia.  More  than  30  popular  articles,  Bagged  JS 
Pruthi  Award  for  four  times  and  more  than  6  best  paper  award  in  Symposia/Seminars.  Life  member  of  four  Societies  > 
Edited  two  books.  Contributed  more  than  30  Book  chapters. 


Impact  Factor  (JCC):  5.4083 


NASS  Rating:  3.58 


